INTRODUCTION
Modern industries discharge lots of wastewater containing large amounts of heavy metals. Because of theirs toxic, bioaccumulation and their various forms, these metals do harm to the ecological environment and human survival after entering the environment. Cupric ion is toxic to the human health and ecological environment.
A number of methods are available to remove heavy metals from water or wastewater, including chemical precipitation, ion exchange, adsorption, membrane process, reverse osmosis, and so on [1] [2] [3] [4] [5] [6] . Among these technologies, adsorption is considered to be the most effective and efficient approach for dealing with large volumes of wastewater in recent years [7] . Adsorption process has been applied as one of the most popular treatment processes due to various advantages, such as high efficiency, low cost, wide applicable scope, and many others.
Many researchers have carried out studies on the removal of copper from waste water using different adsorbents, such as nanometer-sized SiO 2 , coal fly ash, chitosan and cellulose hydrogel [8] [9] [10] [11] [12] . Cellulose, a kind of inexpensive materials and the main constituent of plants, is the most abundant biodegradable natural polymer biomass on the earth, has been utilized in many applications such as pulp, paper, filters, film, and the textile industries [13] . To use cellulose as a heavy metal ion adsorbent, however, chemical modifications such as esterification, etherification, and oxidation targeting the hydroxyl group present in cellulose are essential [14, 15] .
In this paper, a new adsorption material, namely natural oxidized celluloses (NOCs) was prepared by the chemical-modified natural cellulose. And copper ion adsorption experiments were also carried out in order to study the adsorption properties of the material. Natural cellulose has great superiority as a new experimental material, since cellulose is the most abundant and renewable biopolymers, and is one of the promising raw materials available in terms of cost for the preparation of various functional materials. Therefore this new type of adsorbent may have potential for application in wastewater treatment. With the single variable controlling method, all kinds of factors affecting the adsorption efficiency were studied and the optimum conditions of the new removal of bivalent copper ion with NOCs were performed.
II. MATERIALS AND METHODS

Materials
The new adsorbent (NOCs) was synthesized in our laboratory. The wastewater used in batch experiments was simulated wastewater. Raw natural cellulose used in the present investigation was obtained from Shandong Sun Paper Industry Joint Stock Co., Ltd. Deionized water was used for all experiments. Other reagents used were of analytical grade in all experiments.
2.2.Synthesis and characterization of NOCs
The natural cellulose (NC) was oxidized in an oxidation system constituted by 2, 2, 6, 6-Tetramethylpiperidinooxy (TEMPO) /NaBr/NaClO under certain conditions [16, 17] . The new adsorbent is a long chain molecule with lots of hydroxyl and some carboxyl groups, and its structure is illustrated in Fig. 1 . The detail of the synthesis of NOCs is following: Designed weight NC was suspended in purified water which contained TEMPO (0.1 mmol/g NC) and sodium bromide (1.0 mmol/g NC). Then, a designed amount of the 10% NaClO solution (5.0~10.0 mmol/g NC) was added to the slurry in dropwise, and the mixture was stirred by mechanical at room temperature. And meanwhile the pH of the mixture system was maintained between 10.5 and 11.0 using a pH stat until no 0.5M NaOH consumption was observed in the reaction process. The oxidation was quenched by adding ethanol (ca.10 mL). The oxidized cellulose was washed thoroughly with purified water and then ethanol by filtration. The wet product was dried by lyophilization then followed by vacuum-drying at 50 °C for about 48 h.
The production characterization was investigated by FTIR (NICOLET 5700 spectrometer, USA). The morphology of NOCs was examined with scanning electron microscope (SEM,TM3000, Jiangsu vanke science instrument co., LTD, China).
Adsorptionexperiments.
The adsorption was processed in following steps: 1) the volume of 20ml wastewater of different concentrations were taken into the small beakers; 2) a certain amount adsorption materials were filled into the solution after its pH was adjusted with sodium hydroxide and hydrochloric acid; 3) all the supernatant solution were put into a constant temperature oscillator for some designed time; 4) The concentration of Cu 2+ were determined with sodium diethyldithiocarbamate spectrophotometry after stopping oscillating and standing for a period of time. Therefore, the optimum adsorption conditions were obtained on the basis of setting the adsorption conditions on batch experiments.
Calculation method
The effect of adsorbing Cu 2+ can be formulated by adsorbing capacity (q e ) and adsorption efficiency (R %).
Adsorbing capacity (q e ) refers to the quality of Cu 2+ adsorbed into the adsorbent (1g mass) when the adsorption system achieves adsorption equilibrium. And it was calculated according to Equation ( ) is the equilibrium concentrations of Cu 2+ , V (l) is the total volume of wastewater and m (g) is the mess of adsorbent. The removal efficiency (R %) refers to specific value between the quality of Cu 2+ adsorbed into the adsorbent and the initial quality of Cu 2+ when the adsorption system achieves adsorption equilibrium. It is defined as Equation (2):
III. RESULTS AND DISCUSSION
3.1.FTIR
FT-IR spectra of the cellulose and NOCsare shown in Fig. 2 . The natural cellulosehas almost no absorption band from 1400 to 1700 cm −1 , but two strong absorption bands at 1608 and 1426 cm −1 derived from the carbonyl groups present in response to NOCs, which are used for quantification purposes representing the appearance of C=O stretching vibration and C-O symmetric stretching vibration in respectively. In addition, a slight reduction of the bands related to hydrogen bonds stretching vibration of h hydroxyl groups at 3377 cm -1 and to stretching vibrations of CH at 2901 cm -1 is obviously observed. From these results, it can be concluded that hydroxyl groups at the C6 position of cellulose molecules are converted to sodium carboxylate and NOCs can be successfully prepared. 
SEM
The morphologies of natural cellulose and NOCs were studied by SEM analysis in order to make a comparison more directly before and after synthesis of NC. Two typical images at two magnifications of NC and NOCs are showed in Fig.3a and b.Evidently, both of them are characterized by a level of inhomogeneity owing to the natural growing. And the dimension of NOCs is 4-8 nm in width. But there many mangy sags and crests in surface of NOCs, which increase undoubtedly the surface area of the adsorbents. Fig. 4shows the influence of adsorbent dosage on the removal efficiency of Cu 2+ . The removal efficiency of Cu 2+ increased significantly with the increasing of the amount of adsorbent in range of 0.1～0.15g, then reached plateau in the range of 0.15～0.175g of the adsorbent dosage, and the efficiency began to fell slightly when the adsorbent dosage was larger than 0.175g. It could be inferred that the removal efficiency of Cu 2+ was the optimum and adsorption process was saturated when the adsorbent dosage was about 0.175g. The behavior of the efficiency dependency on the absorbent dosage could be explicated that the removal efficiency of heavy metal increased along with the increase of absorbent quality, i.e. with the increase in the number of active adsorption sites [18] . Moreover, due to uneven distribution of oxidized cellulose surface position, adsorption sites had strong and weak points naturally. The surface active points form competitive adsorption among the adsorption sites when the adsorbent dosage was in excess. In addition, owing to the hydrogen-bond interaction, the cross-linking among the high molecules of the adsorbent would be formed in this case. So it would lead to the result that surface active points can notbe made full use of, and was not conducive to the adsorption. Thereby, it would result in the decrease of the efficiency.
Adsorption results
Effect of adsorbent dosage
Effect of adsorption time
In our research, we found that the adsorption time was one of the important influence factors. Fig.5 illustrates the influence of adsorption time on removal efficiency of Cu 2+ . At the beginning, concentration gradient between the solution and the surface of NOCs was very high and hence the driving force was big too, this resulted adsorption speed was very high. The removal efficiency of Cu 2+ had reached more than 90% at the time of 30min, and then the removal efficiency still increased despite of the concentration gradient decreasing and the adsorbent tending to saturation gradually. From Fig.5 , the adsorption efficiency was reaching the maximum and the adsorbent getting to saturation at 60min. As time going on, desorption began to appear and resulted in the declining of the removalefficiency. 
Effect of initial concentration of metal ion
The initial concentration of metal ions had effect on the occurrence of ion exchange and complexation in the suspended solution. The dependency of the removal efficiency of Cu 2+ on the initial concentration of metal ion is shown in Fig.6 . Meanwhile, the graph presented a curve rising at first and declining in the studied range, while the best initial concentration of the oxidized cellulose adsorption Cu 2+ is 100 mg·L -1 . This may be due to the fact that when the initial concentration increased in the process of the adsorption, the concentration gradient increased between the solution and the surface of NOCs, thereby the driving force increased. The adsorption capacity of NOCs increased rapidly at first, and then went back into equilibrium. When it surpassed the equilibrium, the high concentration solution reduced the chance of functional atoms combining with Cu 2+ , due to the fact that the amount of Cu 2+ in the solution exceeded the maximum adsorbing capacity of adsorbent at this time. Therefore, the adsorption quantity no longer increased. So the excessive increase of initial concentration led to reducing of the adsorption efficiency. It showed that the initial concentration had a fitting range. 
Effect of temperature
Temperature was one of the critical factors affecting adsorption. It was mainly due to the high sensitivity of the solubility of copper on the temperature in a certain temperature range, which promoted the adsorption. However, when the temperature exceeded a limit, high temperature would lead to excessive thermal motion of the molecules and ions, which was not conducive to form stable chemical bonds, and therefore led to the decrease of the adsorption efficiency ultimately.
The influence of temperature on removal efficiency of Cu 2+ is revealed in Fig.7 . The adsorption temperature experiments were performed in the range of 10~35°C. The adsorption efficiency of Cu 2+ increased slowly with the increase of temperature. When the temperature was at room temperature (25°C), the adsorption efficiency of oxidized cellulose was highest (more than 99%), Then it slightly reduced with the increase of temperature. In general, the impact of temperature on the adsorption efficiency of Cu 2+ with NOCs as the adsorbent was not obvious, and the adsorption efficiency of Cu 2+ was above 98% in a wide range (10~30°C). Therefore it was sufficient to indicate that there would be a wide range of available temperature for the sorbent of oxidized cellulose in the wastewater treatment process. 
Effect of pH
The pH value of solution was another important factor to affect the adsorption process. Considering that the pH value of wastewater is usually below 7, the simulated wastewater was performed in acid solution (pH ranged from 2 to 7) in our experiment. The influence of pH value on the removal efficiency of Cu 2+ is shown in Fig.8 . The adsorption efficiency was low at low pH, and improved obviously with pH increased. The efficiency reached more than 96% when the pH ranged from 4 to 7. Especially, under the pH value of 5~6, the highest removal efficiency was achieved, close to 99%. The removal efficiency then began to decrease with increasing pH. It can be expected that the removal efficiency would be smaller under pH>7, because Cu 2+ and OH -can easily form precipitation in the alkali solution. When pH was low, both effects of pH were disadvantageous to the efficiency. On the one hand, more hydronium ions were in the solution, which would compete with Cu 2+ at the active site on the surface of the adsorbent; on the other hand, the adsorbent was in cationic atmosphere, this would decrease the number of the active site at which adsorption may take place. When pH was high, two competing factors determined the efficiency. Cu 2+ and OH -formed deposits more easily, and the metal ions were surrounded by anions and not easily combined with adsorbent. At the same time, pH could also affect the acid-base properties of adsorbent, which led to a change of its structure. Therefore, there was an optimal pH for the efficiency. The condition of partial acid was more desirable to the copper removal especially when the pH in 5 ~ 6.
Adsorption isothermal
The capacity of the adsorbent can be estimated through Adsorption equilibrium studies. It is usually described by adsorption isotherms. In order to gain an insight into the adsorption kinetics involved in the adsorption of Cu 2+ ions by NOCs, The isotherm experiments were carried on the conditions of temperatures of 25°C, the contact time of 1 h and the pH values of 5.5. And the experimental data were applied to the Langmiur and the Freundlich isotherm equations, respectively. Two equations (3, 4) ions by NOCswas well corresponding with the Freundlichand Langmuir models. It also demonstrated that the adsorption process is a physical-chemical mixed mode which needs further detailed study. We compared simultaneously the adsorption capacities of NOCs with the cellulose and other various absorbents. Under the same conditions, the removal efficiency of Cu 2+ by NOC and cellulose was 98.48% and 28.16%, respectively. In conclusion, NOCs have high efficiency for the removal of Cu 2+ from the wastewater.
IV. CONCLUSIONS
The natural oxidation of celluloses is a new type of adsorbent, which can be synthesized by natural cellulose in an oxidized condition. We found that the material had a great effect on the adsorption of Cu 2+ from wastewater. The optimum conditions of adsorption from the experiments were obtained. The removal efficiency of Cu 2+ could reach as high as 99% under the conditions where the temperature was 25°C, the Cu 2+ concentration was 100 mg·l -1 and the value of pH was 5~6 in solution, dosing 0.175g of natural oxidized celluloses and adsorption time 60min. Kinetic studies also showed that the adsorption isotherm of Cu 2+ was corresponding with the Freundlich and Langmuir model. Other adsorption mechanism such as adsorption thermodynamics will be further studied subsequently. In conclusion, the present work predicts that the new adsorption material will have wide-ranging application in the sequestration or removal of metal ions and many other industrial processes in the future owing to the advantages such as raw materials easily available with many sources, large adsorption capacity, easy operation and low cost.
